ABSTRACT
Introduction
Arsenic is known as a toxic metalloid, which primarily exists in inorganic form (As(III) and As(V)) and can be transformed by microbial redox processes in the natural environment. As(III) is much more toxic and mobile than As(V), hence microbial arsenic redox transformation has a major impact on arsenic toxicity and mobility which can greatly influence the human health (2) .
Microbial As(III) oxidation and As(V) reduction activities are cellular strategies for either detoxification or for generating energy. As(III) oxidation has been identified in various bacteria including Pseudomonas (2, 16) , Alcaligenes (2, 10) , Thiomonas (1,2), Herminiimonas (2, 19) , Agrobacterium (2, 14) , Thermus (2,5) Thiomonas (4) . Dissimilatory As(V)-respiring prokaryotes comprise a diverse phylogenetic group, including Chrysiogenes, Bacillus, Desulfomicrobium, Sulfurospirillum, Shewanella, Citrobacter, and Sulfurihydrogenibium species (2) .
Twenty-seven arsenic-transforming bacterial strains were isolated from three different arsenic polluted areas in Bulgaria. Twelve of them show the ability to reduce arsenate to arsenite, ten can oxidize the high toxic arsenite to less mobile and less toxic arsenate. The rest five isolates show oxidizing as well as reducing activities to arsenic. The bacterial strains were taxonomical identified by classical methods and characterized. The most part of them (74%) belong to the different species of genera Pseudomonas. Some of them are member of genera Alcaligenes, Azoarcus and Thauera (9) .
Although the classical methods of the taxonomy are comprehensives, confirmation of the taxonomic status of unknown bacterial strains by the molecular taxonomy methods is obligatory.
In spite of the high degree of conservation of rRNA (and rRNA genes), the degree of nucleotide variance among rRNA sequences is, generally, large enough to be used for estimating relationships across the phylogenetic spectrum of bacteria (7) . However, in some cases, the sequences of 16S rRNA genes have been shown to be very similar between different species within a genus, making it desirable to find alternative speciec sequences for closely related genomic groups. (18, 20) . The intergenic 16S-23S internally transcribed spacer (ITS) regions are assumed to be less susceptible to selection pressure, because of their non-coding function, and should have accumulated a higher percentage of mutations than the rRNA genes (17) . The analysis and comparison of sequences of ITS fragments of different bacteria indicate that considerable variation in length and primary sequence occurs and that they may be good candidates to be used as markers for discriminating between closely related taxa, e.g. genotypes (12, 13) .
Our main purpose in this study was to investigated the diversity of the bacterial strains within the different species of the genera Pseudomonas, as well as to confirm their belong to the species: Ps. stutzeri; Ps. mendocina;Ps. aeruginosaPs. 
PCR amplification
Total DNA was isolated from all selected strains using classical protocol for isolation (15) . All PCRs were carried out in 25μl reaction volumes containing: 1x PCR reaction buffer; 1.5mM MgCl 2 ; 0.4 μM from each primer; 0.2mM dNTPs; 1U Taq -polymerase and 50-100ng DNA. Universal eubacterial primers: pA (5'-AGAGTTTGATCCTGGCTCAG-3') and pH′(5'-AAGGAGGTGATCCAGCC-3') were used for amplification of 16S rDNA of the bacterial strains. For amplification of ITS fragment of the investigated bacteria were used the primers: 16S-2, (5'-a-3') and 23S-7 (5'-GGTACTTAGATGTTTCAGTTC-3') (8). The reactions were performed in a Mastercycler personal -Eppendorf, with an initial denaturation of 5 min at 94 Follwing amplifications, samples were incubated at 72 о С for 10 min and then cooled to 4 о С. PCR products were analysed by electrophoresis in 1.5% agarose gel in 1x TBE buffer at constant 200V for 45 min. The gels were stained with ethidium bromide and visualized on a UV transiluminator.
PCR-RFLP techniques
PCR-RFLP was carrying out with the obtained 16S rDNA fragment and with ITS fragment from the investigated bacteria. The 16S rDNA fragment was restricted with the enzymes: HaeIII and HhaI; and the ITS fragment with the enzymes: TaqI and HaeIII. The restriction was carry out in a 25 μl volume containing 2.5 μl of 10 × enzyme buffer, 2.5 units of each enzyme and 15 μl of the PCR product, amending ddH2O to a final volume of 25 μl. The reactions tubes were incubated at 65°C (for enzyme Taq I) and 37°C (for Hae III) for 4 hrs. PCR -RFLP of 16S rDNA was performed at 37°C for 17 hrs. The digested DNA fragments were separated by electrophoresis in 2% agarose gels in 1x TBE buffer at constant 90V for 2 hours. The gels were stained with ethidium bromide and visualized on a UV transiluminator.
Results and Discussion
PCR -RFLP of 16S rDNA. PCR amplification and sequencing of 16SrDNA fragment is a conventional molecular method for identification of unknown bacteria. The conserved 16S rDNA sequences permit the determination of a phylogenetical identity between different bacterial species. The RFLP profiles of the strains of one species, obtained after a restriction of the 16S rDNA fragment are the same. Following this idea, it was done RFLP analysis of 16S rDNA fragment of the bacteria, previously identified as members of genus Pseudomonas (9). This restriction were used to combine the different species of genus Pseudomonas on the base of there restriction profiles. The strains with similar restriction profile must been the strains from one species.
"Universal" eubacterial primers pA and pH' were used to amplify 1.5 kb of rDNA of all investigated bacteria (data not shown). The obtained 16S rDNA fragments are restricted with two tetramer endonucleases: Hha I (Hin6I) and Hae III ( fig. 1) .
From the obtained restriction profiles with the enzyme HhaI all the strains can be grouped into 6 groups. The strains in every one group are with identical restriction profiles -the same as the restriction profile of the referent strain. A little big difference is observed into the first group. The results observed after the restriction with the enzyme HaeIII are the same. The investigated strains formed 6 restriction profiles too -for the 6 species of Pseudomonas. Here it was observed a little big difference between the restriction profile of the referent strain Ps. pseudoalcaligenes and the strains K3 and C5; as well as the strains V6 and M2 and the rest strains into the groups. This difference can be in the result of the different strains from the same species. To confirm this hypothesis it was done RFLP of the ITS fragment of the all strains. stutzeri and Ps. aeruginosa, but in the species Ps. putida and Ps. mendocina as well as in species Ps. pseudoalcaligenes and Ps. fulva in the presented work was obtained one ITS fragment too. Usually the length of the ITS regions located between 16S and 23S rRNA genes show a wide variation both among species (from 60 pb in Thermoproteus tenax to 1,529 pb in Bartonella elizabethae) (11) . The obtained ITS fragment, in all investigated strains, is with the same length900bp ( fig.2) .
PCR -RFLP of ITS fragment.
For determination of a difference between the investigated strains within the every one species, the obtained PCR-ITS fragment was restricted with the tetramer endonucleases: Taq I, HaeIII, HhaI, AluI and MspI.
The strains: K3 and C5, identified as Ps. pseudoalcaligenes and the strains: M3, C4, V1 and V3 -Ps. mendocina;C2 and C6 -Ps. fulva, show the diversity in the obtained RFLP profiles, after the restriction with the enzyme TaqI - fig.3 . On this base it can come to a conclusion, that they are the different strains from the same species. The rest strains show identical profiles for every one species. According the restriction with TaqI they are identical strains. The restriction of the ITS fragment with the enzymes HaeIII and HhaI show the identical profiles for the all investigated strains. For this reason these two enzymes can be determined as non-discriminative for the ITS fragment of genus Pseudomonas. After RFLP of the ITS fragment with the enzyme Alu ( fig.4) The strains K3 and C5 have the different restriction profiles too, therefore they can be determined as two different strains from the species: Ps. pseudoalcaligenes and the strain M3 is a different from the rest strains into the species Ps. mendocina. The rest bacterial strains show the identical for each species restriction profiles by the restriction with Alu enzyme. Analogues results are obtained after the restriction with the enzyme MspI, here the strain M3 shows the different restriction profile from the rest strains, identified as Ps. mendocina too. The obtained profiles, in the other strains are identical for the strains from each species. The RFLP of the 16SrDNA fragment group the isolates into the groups -the same as they were identified by the classical methods. For the exact identification of the isolates it must be done 16S rDNA sequences. This is a very expensive technique, for this reason and on the base of the performed PCR -RFLP from every one group can be selected a single bacterial strain, which will be sequence. The rest stains from the group belong to the same species. On the base of the performed RFLP of the ITS fragment with the enzymes TaqI, AluI and MspI, it comes to a conclusion that the isolates K3 and C5 are the taxonomical different strains from the species Ps. pseudoalcaligenes. The different strains were observed into the species Ps. mendocina too. М-100bp DNA ladder; 1-M2; 2-K4; 3-K6; 4-M1; 5-K1; 6-K2; 7-K5; 8-81D3; 9-V6; 10-C1; 11-C7, 12-C2, 13-C6; C -with the enzyme MspI :М-100bp DNA ladder ; 1-M3; 2-C4; 3-V1; 4-V3; 5-K3; 6-C5; D with the enzyme MspI: М-100bp DNA ladder, 1-M1; 2-K1; 3-K2; 4 -K5;5 -81D3; 6 -V6; 7 -M2;8-K4;9-K6; 10-C2;11-C6;12-C1;13-C7.
